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(54) Mobile communication system, mobile terminal, and transmission diversity application 
method used therefor 



(57) A mobile terminal is capable of efficiently per- 
forming transmission diversity of a PDSCH and a DPCH 
without increasing the number of bits of control informa- 
tion to be fed back to a base station and rendering a 
feedback period longer. A feedback information gener- 
ating portion determines transmission diversity control 
information on the PDSCH in response to a switching 
instruction from a control portion, when receiving first 



PDSCH data during soft handover, based on a receiving 
state of a signal of a cell for sending the PDSCH data. 
In addition, when receiving the last PDSCH data during 
the soft handover, the feedback information generating 
portion determines the transmission diversity control in- 
formation on the DPCH in response to the switching in- 
struction from the control portion based on the receiving 
state after synthesis of the signal of the cell of an active 
set. 
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Description 

[0001 ] The present invention relates to a mobile com- 
munication system, a mobile terminal and a transmis- 
sion diversity application method used therefor, and in 5 
particular, to a system for applying closed-loop type 
transmission diversity to both a PDSCH (Physical 
Downlink Shared Channel) and a DPCH (Dedicated 
Physical Channel). 

[0002] In recent years, mobile terminals (mobile sta- 10 
tions) such as portable telephones are increasingly ren- 
dered multimedia-capable for the purpose of handling a 
large-capacity static image, short-time animation and so 
on so that a large-capacity and high-speed data trans- 
mission method is required along with it. 15 
[0003] As for this large-capacity and high-speed data 
transmission method, a PDSCH method, an HS-PD- 
SCH (High Speed-Physical Downlink Shared Channel) 
method and so on wherein only a downward (a direction 
from a base station to a mobile station) transmission 20 
speed is accelerated are proposed. 
[0004] As for a system using the PDSCH method, 
there is a system wherein a DPCH is sent from the base 
station to a large number of mobile stations in a standby 
status waiting for reception of PDSCH data, and the PD- 25 
SCH and DPCH are sent from the base station to the 
mobile station just receiving the PDSCH data. 
[0005] In the case of applying closed-loop type trans- 
mission diversity to both the PDSCH and DPCH in this 
system, the mobile station determines a transmission 30 
diversity control information on the DPCH based on re- 
ceiving quality of a CPICH (Common Pilot Channel) or 
the DPCH after diversity synthesis, and determines the 
transmission diversity control information on the PD- 
SCH based on the receiving quality of the CPICH or the 35 
DPCH of the base station sending the PDSCH. After 
that, the mobile station notifies the base station of both 
the transmission diversity control information on the DP- 
CH and transmission diversity control information on the 
PDSCH. 40 
[0006] Moreover, when switching of the base station 
to another base station is performed by soft handover 
in the case where the mobile station moves from a cell 
in a control range of a certain base station to the cell of 
another base station in this system, the control informa- *s 
tion to be fed back to the base station for the transmis- 
sion diversity is different between the PDSCH and the 
DPCH. 

[0007] Here, operation of the transmission diversity is 
shown FIG. 12. In the case of performing this transmis- so 
sion diversity, CPICHs #11 , #12, the DPCH and the PD- 
SCH are synthesized in synthesis portions 41 and 42 of 
a base station 4 respectively and sent to a mobile station 
3 from antennas 43 and 44. 

[0008] The mobile station 3 detects a phase differ- 55 
ence of the CPICHs #11 and #12 and feeds back infor- 
mation on the phase difference thereof to the base sta- 
tion 4 as the transmission diversity control information. 



The base station 4 controls the transmission based on 
the control information that is fed back so that a receiv- 
ing state at said mobile station 3 becomes the best. 
[0009] As for the above-mentioned system of the past 
using the PDSCH method, it requires different control 
information between the PDSCH and the DPCH during 
the soft handover in the case of applying closed-loop 
type transmission diversity to both the PDSCH and DP- 
CH, and so the respective control information on the PD- 
SCH and the DPCH is fed back to the base station, re- 
sulting in an increased number of bits of the control in- 
formation to the base station. 

[0010] In addition, as the respective control informa- 
tion on the PDSCH and the DPCH is separately sent to 
the base station if the number of bits of the control in- 
formation to the base station is fixed, it is necessary to 
render a feedback period longer, so that characteristics 
in a relatively high-speed fading environment deterio- 
rate and circuit capacity decreases. 
[0011] Thus, an object of the present invention is to 
provide the mobile communication system, the mobile 
terminal and the transmission diversity application 
method used therefor and its program capable of solving 
the above problems and efficiently performing the trans- 
mission diversity of the PDSCH and the DPCH without 
increasing the number of bits of the control information 
to be fed back to the base station and rendering the 
feedback period longer. 

[0012] A mobile communication system according to 
the present invention is one wherein a process of switch- 
ing a base station to accommodate a mobile station to 
another base station is performed by soft handover and, 
based on transmission diversity control information fed 
back from the above described mobile station, the 
above described base station controls the above de- 
scribed transmission diversity so that a receiving state 
at the above described mobile station becomes the best, 
the above described system having: 

a first determination means of, during the above de- 
scribed soft handover, determining the above de- 
scribed transmission diversity control information 
during reception of data by a PDSCH (Physical 
Downlink Shared Channel) based on the receiving 
state of a signal from the base station sending the 
above described PDSCH; and 
a second determination means of, during the above 
described soft handover, determining the above de- 
scribed transmission diversity control information 
during standby waiting for reception of the data by 
the above described PDSCH based on the receiv- 
ing state after synthesis of the signal from each sub- 
ject base station of the above described soft hando- 
ver. 

[0013] A mobile terminal according to the present in- 
vention is one of the system wherein the process of 
switching the base station to accommodate its terminal 
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to another base station is performed by the soft hando- 
ver and, based on the transmission diversity control in- 
formation fed back by the above described base station 
so that the receiving state at its terminal becomes the 
best, the above described transmission diversity is con- 
trolled, the above described mobile terminal having: 

a first determination function of, during the above 
described soft handover, determining the above de- 
scribed transmission diversity control information 
during reception of data by the PDSCH (Physical 
Downlink Shared Channel) based on the receiving 
state of the signal from the base station sending the 
above described PDSCH; and 
a second determination function of, during the 
above described soft handover, determining the 
above described transmission diversity control in- 
formation during the standby waiting for the recep- 
tion of the data by the above described PDSCH 
based on the receiving state after the synthesis of 
the signal from each subject base station of the 
above described soft handover. 

[0014] A transmission diversity application method 
according to the present invention is one of the mobile 
communication system wherein the process of switch- 
ing the base station to accommodate the mobile station 
to another base station is performed by soft handover 
and, based on transmission diversity control information 
fed back from the above described mobile station, the 
above described base station controls the above de- 
scribed transmission diversity so that the receiving state 
at the above described mobile station becomes the best, 
the above described method having: 

a first step of, during the above described soft 
handover, giving an instruction to switch to the first 
determination means of determining the above de- 
scribed transmission diversity control information 
during the reception of the data by the PDSCH 
(Physical Downlink Shared Channel) based on the 
receiving state of the signal from the base station 
sending the above described PDSCH; and 
a second step of, during the above described soft 
handover, giving an instruction to switch to a second 
determination means of determining the above de- 
scribed transmission diversity control information 
during the standby waiting for the reception of the 
data by the above described PDSCH based on the 
receiving state after the synthesis of the signal from 
each subject base station of the above described 
soft handover. 

[0015] A program of the transmission diversity appli- 
cation method according to the present invention is one 
of the mobile communication system wherein the proc- 
ess of switching the base station to accommodate the 
mobile station to another base station is performed by 



the soft handover and, based on the transmission diver- 
sity control information fed back from the above de- 
scribed mobile station, the above described base station 
controls the above described transmission diversity so 
5 that the receiving state at the above described mobile 
station becomes the best, the above described program 
having a computer implement the processes of: 

during the above described soft handover, giving an 
instruction to switch to the first determination means 
of determining the above described transmission di- 
versity control information during reception of data 
by the PDSCH (Physical Downlink Shared Chan- 
nel) based on the receiving state of the signal from 
the base station sending the above described PD- 
SCH; and 

during the above described soft handover, giving an 
instruction to switch to the second determination 
means of determining the above described trans- 
mission diversity control information during the 
standby waiting for the reception of the data by the 
above described PDSCH based on the receiving 
state after the synthesis of the signal from each sub- 
ject base station of the above described soft hando- 
ver. 

[0016] To be more specific, in the soft handover for 
performing the process of switching the base station to 
accommodate the mobile station to another base sta- 
tion, the mobile communication system of the present 
invention has the transmission diversity control informa- 
tion fed back to the base station determined by the mo- 
bile station just receiving the PDSCH data based on the 
receiving state of the signal of a cell [normally CPICH 
(Common Pilot Channel) #1] for sending the PDSCH 
(Physical Downlink Shared Channel). 
[0017] On the other hand, a large number of mobile 
stations in a standby status waiting for reception of the 
PDSCH data determine the transmission diversity con- 
trol information on the DPCH (Dedicated Physical Chan- 
nel) fed back to the base station based on the receiving 
state after the synthesis of the signal of the cell of an 
active set (normally CPICH#1 , CPICH#2). 
[0018] In this case, receiving SIR (Signal to Interfer- 
ence Ratio) or Ec/lo (energy per chip/interference wave 
power per unit frequency) is normally used as the re- 
ceiving state. 

[0019] It becomes possible thereby to efficiently per- 
form the transmission diversity of the PDSCH and the 
DPCH without increasing the number of bits of the con- 
trol information to be fed back to the base station and 
rendering the feedback period longer. Moreover, it is al- 
so possible to apply the above process to the system 
performing fast cell selection (FCS). 

FIG. 1 is a block diagram showing a configuration 
of a mobile station according to an embodiment of 
the present invention; 
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FIG. 2 is a block diagram showing the configuration 
of a feedback information generating portion in FIG. 
1; 

FIG. 3 is a diagram showing switching of feedback 
information in a mobile communication system ac- 
cording to an embodiment of the present invention; 
FIG. 4A is a diagram showing a format of an upward 
DPCH according to an embodiment of the present 
invention, and FIG. 4B is a diagram showing a for- 
mat of a downward DPCH according to an embod- 
iment of the present invention; 
FIG. 5A is a diagram showing a state of waiting for 
reception of a PDSCH in the mobile communication 
system according to an embodiment of the present 
invention, and FIG. 5B is a diagram showing a state 
of just receiving the PDSCH in the mobile commu- 
nication system according to an embodiment of the 
present invention; 

FIG. 6 is a sequence chart showing operation of the 
mobile communication system according to an em- 
bodiment of the present invention; 
FIG. 7 is a flowchart showing the operation of the 
mobile station 1 in FIG. 1 ; 
FIG. 8 is a sequence chart showing the operation 
of the mobile communication system according to 
another embodiment of the present invention; 
FIG. 9 is a flowchart showing the operation of the 
mobile station according to the other embodiment 
of the present invention; 

FIG. 10 is a sequence chart showing the operation 
of the mobile communication system according to 
a further embodiment of the present invention; 
FIG. 11 is a flowchart showing the operation of the 
mobile station according to the further embodiment 
of the present invention; and 
FIG. 1 2 is a diagram showing transmission diversity 
control in the past. 

[0020] Next, the embodiments of the present inven- 
tion will be described by referring to the drawings. FIG. 
1 is a block diagram showing a configuration of a mobile 
station according to an embodiment of the present in- 
vention. In FIG. 1, a mobile station (mobile terminal) 1 
includes an antenna 11, a duplexer (DUP) 12, a receiv- 
ing portion 13, a feedback information generating por- 
tion 1 4, a user information/control information separat- 
ing portion 15, a control portion 16, a synthesis portion 
17, a transmitting portion 18 and a record medium 19. 
Since, as technologies in the public domain are appli- 
cable to a call control portion, a voice input output por- 
tion and a display portion of the mobile station 1, de- 
scription of their configurations and operations will be 
omitted, 

[0021] The receiving portion 13 sends signals {CPICH 
(Common Pilot Channel) #1, CPICH #2, DPCH (Dedi- 
cated Physical Channel) #1, DPCH #2, PDSCH (Phys- 
ical Downlink Shared Channel)} received via the anten- 
na 11 and the duplexer 12 to the feedback information 



generating portion 14 and the user information/control 
information separating portion 15, respectively. 
[0022] The feedback information generating portion 

14 generates feedback information (FBI), which should 
5 be sent to a base station not shown, based on a receiv- 
ing signal from the receiving portion 13 according to a 
switching instruction from the control portion 1 6, and su- 
plies the feedback information to the synthesis portion 
17. 

[0023] To be more specific, during soft handover for 
performing the process of switching the base station to 
accommodate the mobile station 1 to another base sta- 
tion, the feedback information generating portion 14 de- 
termines, based on a receiving state of a signal (normal- 
ly CPICH #1 ) of a cell for transmitting the PDSCH data, 
transmission diversity control information on the PD- 
SCH In response to the switching instruction from the 
control portion 1 6 on receiving first PDSCH data (during 
reception of the PDSCH data), and sends the deter- 
mined information as the feedback information to the 
synthesis portion 17. 

[0024] In addition, during the soft handover, the feed- 
back information generating portion 14 determines, 
based on the receiving state after synthesis of the signal 
(normally CPICH #1 , CPICH #2) of the cell of an active 
set, the transmission diversity control information on the 
DPCH in response to the switching instruction from the 
control portion 16 on receiving the last PDSCH data 
(waiting for reception of the PDSCH data), and sends 
the determined information as the feedback information 
to the synthesis portion 1 7. 

[0025] in this case, receiving SIR (Signal to Interfer- 
ence Ratio) or Ec/lo (energy per chip/interference wave 
power per unit frequency) is normally used as the re- 
ceiving state. 

[0026] The user information/control information sep- 
arating portion 15 separates the receiving signal from 
the receiving portion 13 into the user information (sound 
signals, image signals and so on) and the control infor- 
mation , and sends the user information to the call control 
portion, the voice output portion and the display portion 
of the above-mentioned mobile station 1 and sends the 
control information to the control portion 16. 
[0027] The control portion 1 6 generates various con- 
trol signals, by executing a program stored in the record 
medium 19, based on the control information from the 
user information/control information separating portion 

15 and input information (such as pressing information 
of ten keys and so on) from the outside so as to output 
them to the portions in the mobile station 1 and exercise 
control. The record medium 1 9 stores the programs ex- 
ecuted by the portions including the control portion 16 
in the mobile station 1 . 

[0028] In addition, in the case where the control infor- 
mation is in timing for sending the PDSCH data, the con- 
trol portion 1 6 sends the switching instruction during the 
reception of the PDSCH data to the feedback informa- 
tion generating portion 14, and in the case of the infor- 
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mation indicating the last PDSCH data or in the case of 
having received all the PDSCH data to be received, it 
sends the switching instruction of a state of waiting for 
the reception of the PDSCH data to the feedback infor- 
mation generating portion 14. On receipt of this PDSCH 
data, the control portion 1 6 generates an acknowledge- 
ment (ACK) on receipt of this PDSCH data and sends it 
to the synthesis portion 17. 

[0029] The synthesis portion 1 7 synthesizes the input 
signals from the outside such as the feedback informa- 
tion from the feedback information generating portion 
14, the acknowledgement on receipt of the PDSCH data 
from the control portion 1 6 and the call control portion 
and the voice input portion of the mobile station 1 , and 
transmits them as DPCH #1 (UL: up link) and DPCH #2 
(UL) from the antenna 1 1 via the sending portion 1 8 and 
theduplexer 12. 

[0030] FIG. 2 is a block diagram showing a configu- 
ration of the feedback information generating portion 1 4. 
In FIG. 2, the feedback information generating portion 
14 comprises a CPICH #1 separating portion 141, a 
CPICH #2 separating portion 142, switches 143 and 
144, an adder 145 and a control information determining 
portion (FBI generating portion) 146. 
[0031] The CPICH #1 separating portion 141 sepa- 
rates a CPICH #1 from the receiving signal of the receiv- 
ing portion 13 and outputs it to the switch 143. The 
CPICH #2 separating portion 142 separates a CPICH 
#2 from the receiving signal of the receiving portion 13 
and outputs it to the switch 144. 
[0032] The switches 143 and 144 are turned on and 
off in response to a switching signal from the control por- 
tion 1 6, and in the case where they are on, they connect 
the CPICH #1 separating portion 1 41 and the CPICH #2 
separating portion 142 to the adder 145, respectively. 
Here, the switching signal from the control portion 16 
gives an instruction to turn on the switch 143 and turn 
off the switch 144 during the reception of the PDSCH 
data, and gives an instruction to turn on both the switch 
143 and switch 144 when in the state of waiting for the 
reception of the PDSCH data. 
[0033] The adder 145 adds the CPICH #1 separated 
bytheCPICH#1 separating portion 141 andthe CPICH 
#2 separated by the CPICH #2 separating portion 142 
inputted via the switches 143 and 144, and sends the 
adding result to the control information determining por- 
tion 146. During the reception of the PDSCH data, how- 
ever, it sends the CPICH #1 separated by the CPICH #1 
separating portion 141 as-is to the control information 
determining portion 146 since the switch 144 is off. 
[0034] The control information determining portion 
146 determines the transmission diversity control infor- 
mation based on the adding result of the adder 145. To 
be more specific, on receiving the first PDSCH data dur- 
ing the soft handover (during the reception of the PD- 
SCH data), the control information determining portion 
146 determines the PDSCH transmission diversity con- 
trol information based on the receiving state of the 



CPICH #1 that is the signal of the cell sending the PD- 
SCH data, and applies the determined information to the 
synthesis portion 17 as the feedback information. 
[0035] In addition, on receiving the last PDSCH data 
5 during the soft handover (the state of waiting for the PD- 
SCH data), the control information determining portion 
1 46 determines the DPCH transmission diversity control 
information based on the receiving state after the syn- 
thesis of the CPICH #1 and the CPICH #2 that are the 
10 signals of the cells of the active set, and applies the de- 
termined information to the synthesis portion 1 7 as the 
feedback information. Incidentally, receiving SIR or Ec/ 
lo is normally used as the receiving state. 
[0036] FIG. 3 is a diagram showing an example of the 
15 switching of the feedback information in the mobile com- 
munication system according to an embodiment of the 
present invention. In the mobile communication system 
according to an embodiment of the present invention in 
FIG. 3, in the case of waiting for the reception of the 
PDSCH data, the mobile station 1 receives the DPCH 
#1 (DL: downlink) and DPCH #2 (DL), and the DPCH 
transmission diversity control information based on the 
receiving state of the "CPICH #1 + the CPICH #2" is 
transmitted to the base station as the feedback informa- 
tion of the mobile station 1 . By this, the base station con- 
trols the transmission so that the receiving state at the 
mobile station 1 becomes the best based on this trans- 
mission diversity control information. 
[0037] Moreover, in the mobile communication sys- 
tem according to an embodiment of the present inven- 
tion, in the case of just receiving the PDSCH data, the 
mobile station 1 receives the DPCH #1 (DL), DPCH #2 
(DL) and the PDSCH, and the PDSCH transmission di- 
versity control information based on the receiving state 
of the "CPICH #1 " is stransmitted to the base station as 
the feedback information of the mobile station 1 . By this, 
the base station controls the transmission so that the 
receiving state at the mobile station 1 becomes the best 
based on such transmission diversity control informa- 
tion. 

[0038] FIG. 4A is a diagram showing a format of an 
upward DPCH according to an embodiment of the 
present invention, and FIG. 4B is a diagram showing a 
format of a downward DPCH according to an embodi- 
ment of the present invention. 

[0039] In FIG. 4A, the upward DPCH is comprised of 
a discrete pilot (predetermined bit sequence), the feed- 
back information (FBI) and a TPC (Transmission Power 
Control) bit. 

[0040] In FIG. 4B, the downward DPCH is comprised 
of data 1 , the TPC bit, the control information (PDSCH 
data transmission timing), data 2 and the discrete pilot 
(predetermined bit sequence). 
[0041] FIG. 5 A is a diagram showing the state of wait- 
ing for the reception of the PDSCH in the mobile com- 
munication system according to an embodiment of the 
present invention, and FIG. 5B is a diagram showing the 
state of just receiving the PDSCH in the mobile commu- 
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nication system according to an embodiment of the 
present invention. 

[0042] In the mobile communication system accord- 
ing to an embodiment of the present invention, in the 
case of waiting for the reception of the PDSCH data, the 5 
mobile station 1 receives the "CPICH#1,CPICH #2, DP- 
CH #1 (DL) and DPCH #2 (DL) from the base stations 
2-1 and 2-2, and the DPCH transmission diversity con- 
trol information based on the receiving state of 
the "CPICH#1 +CPICH #2" is transmitted by the DPCH 
#1 (UL) and DPCH #2 (UL) to the base stations 2-1 and 
2-2 as the feedback information of the mobile station 1 , 
respectively (see FIG. 5A). 

[0043] In addition, in the mobile communication sys- 
tem according to an embodiment of the present inven- 
tion, in the case of just receiving the PDSCH data, the 
mobile station 1 receives the CP ICH #1, DPCH #1 (DL) 
and PDSCH from the base station 2-1 , and also' re- 
ceives the CP ICH #2 and DPCH #2 (DL) from the base 
station 2-2. 

[0044] Thus, as the feedback information of the mo- 
bile station 1 , the PDSCH transmission diversity control 
information based on the receiving state of the "CPICH 
#1 " is transmitted to the base station 2-1 by the DPCH 
#1 (UL) (see FIG. 5B). Accordingly, the base stations 
2-1 and 2-2 control the transmission so that the receiv- 
ing state at the mobile station 1 becomes the best based 
on such transmission diversity control information. 
[0045] FIG. 6 is a sequence chart showing the oper- 
ation of the mobile communication system according to 
an embodiment of the present invention, and FIG. 7 is 
a flowchart showing the operation of the mobile station 
1 in FIG. 1 . The operation of the mobile communication 
system according to an embodiment of the present in- 
vention will be described by referring to FIGS. 1 to 7. 
The processing operation shown in FIG. 7 is implement- 
ed by the control portion 16 executing the program 
stored in the record medium 19. 
[0046] Here, while the mobile station 1 and the base 
stations 2-1 will be described hereafter in order to sim- 
plify the description, it is assumed that the base stations 
2-1 and 2-2 are in the soft handover due to movement 
of the mobile station 1 . 

[0047] First, in the case of transmitting the PDSCH 
data according to a request from the mobile station 1 , 
the base station 2-1 notifies the mobile station 1 of trans- 
mission start timing information by the DPCH #1 (DL) 
before transmitting the PDSCH data. 
[0048] On receiving the transmission start timing in- 
formation from the base station 2-1 (FIG. 7 step S1 ), the 
control portion 16 of the mobile station 1 shifts to the 
state of receiving the PDSCH data, and on receiving the 
first PDSCH data (FIG. 7 step S2), it outputs to the feed- 
back information generating portion 14 a switching in- 
struction to generate the feedback information during 
the reception of the above-mentioned PDSCH data 
(FIG. 7 step S3). 

[0049] The control portion 16 sequentially receives 



the PDSCH data from the base station 2-1 , and on re- 
ceiving the last PDSCH data (FIG. 7 step S4), it outputs 
to the feedback information generating portion 14 the 
switching instruction to generate the feedback informa- 
tion in the state of waiting for the reception of the above- 
mentioned PDSCH data (FIG. 7 step S6). Hereafter, the 
control portion 16 transmits the acknowledgement 
(ACK) for the PDSCH data to the base station 2-1 . 
[0050] Here, as a method for the control portion 1 6 to 
identify the last PDSCH data, it may identify it by the 
information (a flag) given to the last PDSCH data indi- 
cating that it is the last one, or it may have the size of 
the PDSCH data to be sent notified in advance from the 
base station 2-1 to the mobile station 1 so as to identify 
it by the size thereof. In addition, it is also possible to 
identify the last PDSCH data by a method other than 
this. 

[0051] FIG. 8 is a sequence chart showing the oper- 
ation of the mobile communication system according to 
another embodiment of the present invention, and FIG. 
9 is a flowchart showing the operation of the mobile sta- 
tion according to the other embodiment of the present 
invention. As the other embodiment of the present in- 
vention has the same configu ration of the mobile station 
as the embodiment shown in FIG. 1 , the operation of the 
mobile communication system according to the other 
embodiment will be described by referring to FIGS. 1 , 8 
and 9. The processing operation shown in FIG. 9 is im- 
plemented by the control portion 16 executing the pro- 
gram stored in the record medium 19. 
[0052] Here, while the mobile station 1 and the base 
stations 2-1 will be described hereafter, it is assumed, 
in order to simplify the description, that the base stations 
2-1 and 2-2 are in the soft handover due to movement 
of the mobile station 1. 

[0053] First, in the case of transmitting the PDSCH 
data according to the request from the mobile station 1 , 
the base station 2-1 notifies the mobile station 1 of the 
transmission start timing information by the DPCH #1 
(DL) before sending the PDSCH data. 
[0054] On receiving the transmission start timing in- 
formation from the base station 2-1 (FIG. 9 step S11), 
the control portion 1 6 of the mobile station 1 outputs to 
the feedback information generating portion 14 the 
switching instruction to generate the feedback informa- 
tion during the reception of the above-mentioned PD- 
SCH data (FIG. 9 step S12). Hereafter, the control por- 
tion 16 shifts to the state of accepting the PDSCH data 
and sequentially receives the PDSCH data. 
[0055] The control portion 16 sequentially receives 
the PDSCH data from the base station 2-1, and on re- 
ceiving the last PDSCH data (FIG. 9 step S13) and 
transmitting the acknowledgement (ACK) for the PD- 
SCH data to the base station 2-1 (FIG. 9 step S14), it 
outputs to the feedback information generating portion 
14 the switching instruction to generate the feedback in- 
formation in the state of waiting for the reception of the 
above-mentioned PDSCH data (FIG. 9 step S15). 
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[0056] Here, as the method for the control portion 1 6 
to identify the last PDSCH data, it may identify it by the 
information (the flag) given to the last PDSCH data in- 
dicating that it is the last one, or it may have the size of 
the PDSCH data to be sent notified in advance from the 5 
base station 2-1 to the mobile station 1 so as to identify 
it by the size thereof. In addition, it is possible to identify 
the last PDSCH data by a method other than this. 
[0057] FIG. 1 0 is a sequence chart showing the oper- 
ation of the mobile communication system according to 
a further embodiment of the present invention , and FIG. 
11 is a flowchart showing the operation of the mobile 
station according to the further embodiment of the 
present invention. As the further embodiment of the 
present invention has the same configuration of the mo- 
bile station as the embodiment shown in FIG. 1 , the op- 
eration of the mobile communication system according 
to the further embodiment will be described by referring 
to FIGS. 1,10 and 1 1 . The processing operation shown 
in FIG. 11 is implemented by the control portion 16 ex- 
ecuting the program stored in the record medium 1 9, 
[0058] Here, while the mobile station 1 and the base 
stations 2-1 will be described hereafter, it is assumed, 
in order to simplify the description, that the base stations 
2-1 and 2-2 are in the soft handover due to movement 
of the mobile station 1 . 

[0059] First, in the case of sending the PDSCH data 
according to the request from the mobile station 1 , the 
base station 2-1 notifies the mobile station 1 ofthetrans- 
mission start timing information by the DPCH #1 (DL) 
before sending the PDSCH data. 
[0060] On receiving the transmission start timing in- 
formation from the base station 2-1 (FIG. 11 step S21), 
the control portion 16 of the mobile station 1 outputs to 
the feedback information generating portion 14 the 
switching instruction to generate the feedback informa- 
tion during the reception of the above-mentioned PD- 
SCH data (FIG. 11 step S22). Hereafter, the control por- 
tion 1 6 shifts to the state of accepting the PDSCH data 
and sequentially receives the PDSCH data. 
[0061] The control portion 16 sequentially receives 
the PDSCH data from the base station 2-1 , and receives 
the last PDSCH data (FIG. 11 step S23) and transmits 
the acknowledgement (ACK) for the PDSCH data to the 
base station 2-1 , and then if predetermined time elapses 
(FIG. 11 stepS24), it outputs to the feedback information 
generating portion 14 the switching instruction to gen- 
erate the feedback information in the state of waiting for 
the reception of the above-mentioned PDSCH data 
(FIG. 11 step S25). 

[0062] Here, as the method for the control portion 1 6 
to identify the last PDSCH data, it may identify it by the 
information (the flag) given to the last PDSCH data in- 
dicating that it is the last one, or it may have the size of 
the PDSCH data to be sent notified in advance from the 
base station 2-1 to the mobile station 1 so as to identify 
it by the size thereof. In addition, it is possible to identify 
the last PDSCH data by a method other than this. 



[0063] Thus, while the mobile station 1 notifies the 
base station 2-1 of the transmission diversity control in- 
formation, during the reception of the PDSCH data, 
based on the receiving state of the CPICH #1 , transmis- 
sion efficiency of the DPCH #1 (DL) and DPCH #2 (DL) 
together does not become the best but that of the PD- 
SCH does because the CPICH #1 has the same prop- 
agation path as the PDSCH. At this time, as sending 
power of the PDSCH is higher than that of the DPCH #1 
(DL) and DPCH #2 (DL) together, the entire transmis- 
sion efficiency (average transmitting power per informa- 
tion bit) of the PDSCH, DPCH #1 (DL) and DPCH #2 
(DL) together becomes the best. 
[0064] On the other hand, while the mobile station 1 
notifies the base stations 2-1 and 2-2 of the transmission 
diversity control information, during standby not receiv- 
ing the PDSCH data, based on the receiving state after 
the synthesis of the CPICH #1 and CPICH #2, the trans- 
mission efficiency of the DPCH #1 (DL) and DPCH #2 
(DL) together becomes the best because the signal 
wherein the CPICH #1 and CPICH #2 are synthesized 
has the same propagation path as the signal having the 
DPCH #1 (DL) and DPCH #2 (DL) together. At this time, 
as the PDSCH is not transmitted, the entire transmission 
efficiency of the PDSCH, DPCH #1 (DL) and DPCH #2 
(DL) together becomes the best. 
[0065] Accordingly, the entire transmission efficiency 
of the PDSCH, DPCH #1 (DL) and DPCH #2 (DL) to- 
gether becomes the best both during the reception of 
the PDSCH data and during the standby. In particular, 
in the system wherein only one mobile station 1 just re- 
ceiving the PDSCH data exists in the cell and a large 
number of other mobile stations are on standby waiting 
for the PDSCH data, it is very effective to switch the 
above-mentioned methods of determining the transmis- 
sion diversity control information between during the re- 
ception of the PDSCH data and during the standby. 
[0066] According to the present invention as de- 
scribed above, in the mobile communication system 
wherein the switching of the base stations by movement 
to the outside of a radio wave reaching range thereof is 
performed by the soft handover by the mobile station 
and, based on the transmission diversity control infor- 
mation fed back from the mobile station, the base station 
controls the transmission diversity so that the receiving 
state at the mobile station becomes the best, it deter- 
mines the transmission diversity control information dur- 
ing reception of the data by the PDSCH during said soft 
handover based on the receiving state of the signal from 
the base station sending said PDSCH, and it determines 
the transmission diversity control information during 
standby waiting for the reception of the data by the PD- 
SCH during the soft handover based on the receiving 
state after the synthesis of the signal from each subject 
base station of the soft handover so that there is the 
effect of efficiently performing the transmission diversity 
of the PDSCH and the DPCH without increasing the 
number of bits of the control information to be fed back 
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to the base station and rendering the feedback period 
longer. 



Claims 

1 . A mobile communication system in which a process 
of switching a base station to accommodate a mo- 
bile station to another base station is performed by 
soft handover and, based on transmission diversity 
control information fed back from said mobile sta- 
tion, said base station controls said transmission di- 
versity so that a receiving state at said mobile sta- 
tion becomes the best, said system comprising: 

a first determination means of, during said soft 
handover, determining said transmission diver- 
sity control information during reception of data 
by a PDSCH (Physical Downlink Shared Chan- 
nel) based on the receiving state of a signal 
from the base station sending said PDSCH; 
and 

a second determination means of, during said 
soft handover, determining said transmission 
diversity control information during standby 
waiting for reception of the data by said PDSCH 
based on the receiving state after synthesis of 
the signal from each subject base station of 
said soft handover. 

2. The mobile communication system according to 
claim 1 , comprising control means of controlling 
switching of said first and second determination 
means according to the receiving state of the data 
by said PDSCH. 

3. The mobile communication system according to 
claim 2, wherein said control means instructs said 
first determination means to perform a determina- 
tion process on receiving the data by a first PDSCH 
and instructs said second determination means to 
perform the determination process on receiving the 
last PDSCH data. 

4. The mobile communication system according to 
claim 3, wherein said control means instructs said 
first determination means to perform the determina- 
tion process on the opportunity of transmission start 
timing information sent from said base station be- 
fore the data by said first PDSCH is sent to said mo- 
bile station. 

5. The mobile communication system according to 
claim 3, wherein said control means instructs said 
second determination means to perform the deter- 
mination process on the opportunity of transmission 
of an acknowledgement from said mobile station to 
said base station after receiving the data by said 



last PDSCH. 

6. The mobile communication system according to 
claim 3, wherein said control means instructs said 

5 second determination means to perform the deter- 
mination process after a predetermined time from 
transmission of an acknowledgement from said mo- 
bile station to said base station after receiving the 
data by said last PDSCH. 

10 

7. The mobile communication system according to 
any of claims 1 to 6, wherein said first determination 
means determines said transmission diversity con- 
trol information on said PDSCH, and said second 

*5 determination means determines said transmission 
diversity control information on DPCH (Dedicated 
Physical Channel) that is the signal from each sub- 
ject base station of said soft handover. 

20 8. The mobile communication system according to 
any of claims 1 to 6, wherein said first determination 
means is implemented at the mobile station just re- 
ceiving the data by said PDSCH, and said second 
determination means is implemented at a large 
25 number of mobile stations in a standby status wait- 
ing for reception of the data by said PDSCH. 

9. The mobile communication system according to 
any of claims 1 to 8, wherein either receiving SIR 

30 (Signal to Interference Ratio) or Ec/lo (energy per 
chip/interference wave power per unit frequency) is 
used as the receiving state of said signal. 

10. A mobile terminal of a system in which a process of 
35 switching a base station to accommodate the termi- 
nal to another base station is performed by soft 
handover and, based on transmission diversity con- 
trol inf ormation fed back by said base station so that 
a receiving state at its terminal becomes the best, 

40 said transmission diversity is controlled, said mobile 
terminal comprising: 

a first determination function of, during said soft 
handover, determining said transmission diver- 
ts sity control information during reception of data 
by a PDSCH (Physical Downlink Shared Chan- 
nel) based on the receiving state of a signal 
from the base station sending said PDSCH; 
and 

50 a second determination function of, during said 

soft handover, determining said transmission 
diversity control information during standby 
waiting for reception of the data by said PDSCH 
based on the receiving state after synthesis of 

55 the signal from each subject base station of 

said soft handover. 

1 1 . The mobile terminal according to claim 1 0, compris- 
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ing control means of controlling switching of said 
first and second determination functions according 
to the receiving state of the data by said PDSCH. 

12. The mobile terminal according to claim 1 1 , wherein 
said control means instructs said first determination 
function to perform a determination process on re- 
ceiving the data by a first PDSCH and instructs said 
second determination function to perform the deter- 
mination process on receiving the last PDSCH data. 

13. The mobile terminal according to claim 12, wherein 
said control means instructs said first determination 
function to perform the determination process on 
the opportunity of transmission start timing informa- 
tion sent from said base station before the data by 
said first PDSCH is sent to its terminal. 

14. The mobile terminal according to claim 12, wherein 
said control means instructs said second determi- 
nation function to perform the determination proc- 
ess on the opportunity of transmission of an ac- 
knowledgement from its terminal to said base sta- 
tion after receiving the data by said last PDSCH. 

15. The mobile terminal according to claim 12, wherein 
said control means instructs said second determi- 
nation function to perform the determination proc- 
ess after a predetermined time from transmission 
of an acknowledgement from its terminal to said 
base station after receiving the data by said last PD- 
SCH. 

16. The mobile terminal according to any of claims 10 
to 15, wherein said first determination function de- 
termines said transmission diversity control infor- 
mation on said PDSCH, and said second determi- 
nation function determines said transmission diver- 
sity control information on DPCH (Dedicated Phys- 
ical Channel) that is the signal from each base sta- 
tion of said soft handover. 

17. The mobile terminal according to any of claims 10 
to 16, wherein either receiving SIR (Signal to Inter- 
ference Ratio) or Ec/lo (energy per chip/interfer- 
ence wave power per unit frequency) is used as the 
receiving state of said signal. 

18. A transmission diversity application method of a 
mobile communication system in which a process 
of switching a base station to accommodate a mo- 
bile station to another base station is performed by 
soft handover and, based on transmission diversity 
control information fed back from said mobile sta- 
tion, said base station controls said transmission di- 
versity so that a receiving state at said mobile sta- 
tion becomes the best, said method comprising: 



a first step of, during said soft handover, giving 
an instruction to switch to a first determination 
means of determining said transmission diver- 
sity control information during reception of data 
5 by a PDSCH (Physical Downlink Shared Chan- 

net) based on the receiving state of a signal 
from the base station sending said PDSCH; 
and 

a second step of, during said soft handover, giv- 
10 ing an instruction to switch to a second deter- 

mination means of determining said transmis- 
sion diversity control information during stand- 
by waiting for reception of the data by said PD- 
SCH based on the receiving state after synthe- 
15 sis of the signal from each subject base station 

of said soft handover. 

19. The transmission diversity application method ac- 
cording to claim 18, wherein said first and second 

20 steps control switching of said first and second de- 
termination means according to the receiving state 
of the data by said PDSCH. 

20. The transmission diversity application method ac- 
25 cording to claim 1 9, wherein said first step instructs 

said first determination means to perform a deter- 
mination process on receivingthe data by a first PD- 
SCH, and said second step instructs said second 
determination means to perform the determination 
30 process on receiving the last PDSCH data. 

21. The transmission diversity application method ac- 
cording to claim 20, wherein said first step instructs 
said first determination means to perform the deter- 

35 mination process on the opportunity of transmission 
start timing information sent from said base station 
before the data by said first PDSCH is sent to said 
mobile station. 

40 22. The transmission diversity application method ac- 
cording to claim 20, wherein said second step in- 
structs said second determination means to per- 
form the determination process on the opportunity 
of transmission of an acknowledgement from said 

45 mobile station to said base station after receiving 
the data by said last PDSCH. 

23. The transmission diversity application method ac- 
cording to claim 20, wherein said second step in- 

50 structs said second determination means to per- 
form the determination process after a predeter- 
mined time from transmission of an acknowledge- 
ment from said mobile station to said base station 
after receiving the data by said last PDSCH. 

55 

24. The transmission diversity application method ac- 
cording to any of claims 18 to 23, wherein said first 
determination means determines said transmission 
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diversity control information on said PDSCH, and 
said second determination means determines said 
transmission diversity control information on DPCH 
(Dedicated Physical Channel) that is the signal from 
each base station of said soft handover. 5 

25. The transmission diversity application method ac- 
cording to any of claims 1 8 to 23, wherein said first 
determination means is implemented at the mobile 
station just receiving the data by said PDSCH, and 10 
said second determination means is implemented 

at a large number of mobile stations in a standby 
status waiting for reception of the data by said PD- 
SCH. 

15 

26. The transmission diversity application method ac- 
cording to any of claims 1 8 to 25, wherein either re- 
ceiving SIR (Signal to Interference Ratio) or Ec/lo 
(energy per chip/interference wave power per unit 
frequency) is used as the receiving state of said sig- 20 
nal. 

27. A program of a transmission diversity application 
method of a mobile communication system in which 

a process of switching a base station to accommo- 25 
date a mobile station to another base station is per- 
formed by soft handover and, based on transmis- 
sion diversity control information fed back from said 
mobile station, said base station controls said trans- 
mission diversity so that a receiving state at said 30 
mobile station becomes the best, said program in- 
tended to have a computer implement the process- 
es of: 

during said soft handover, giving an instruction 35 
to switch to a first determination means of de- 
termining said transmission diversity control in- 
formation during reception of data by a PDSCH 
(Physical Downlink Shared Channel) based on 
the receiving state of a signal from the base sta- *o 
tion sending said PDSCH; and 
during said soft handover, giving an instruction 
to switch to a second determination means of 
determining said transmission diversity control 
information during standby waiting for recep- *s 
tion of the data by said PDSCH based on the 
receiving state after synthesis of the signal from 
each base station of said soft handover. 
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FIG. 5A 

WAITING FOR RECEPTION OF PDSCH 



DPCH#1(DL) DPCH#2(DL) 
CPICH#1 CPICH#2 




FIG. 5B 

DURING RECEPTION OF PDSCH 
PDSCH 

DPCH#1(DL) DPCH#2(DL) 
CPICH#1 CPICH#2 
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FIG. 6 
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FIG. 7 



FBI SWITCHING PROCESS 
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FIG. 8 
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FIG.9 

FBI SWITCHING PROCESS 
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FIG. 10 
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FIG. 11 



FBI SWITCHING PROCESS 
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FIG. 12 
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